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A COMPARISON OF MARKET M ILK FROM TEN
 
INDIANAPOLIS COMPANIES BY USE OF THE DI,
 
RECT MICROSCOPIC METHOD OF ANALYSISl
 
By INA STANLEY 
The part played by milk in the health and daily life of individuals 
is of such importance that production of clean, safe milk presents a 
problem which should by no means be neglected. Steps taken to safe­
guard consumers have included medical examination of cows, exami­
nation for dirt through the sediment test, examination for bacteria by 
means of the agar plate method, and, more recently, also through direct 
microscopic examination. 
The United States Government has undertaken to regulate practices 
connected with milk production on the farm, as well as with the hand­
ling of milk in pasteurizing and bottling plants (1). These regulations 
have helped matters greatly in towns where they are enforced. A pref­
erence for milk produced under these regulations was shown during 
the 1937 Ohio River flood, when Louisville sent to Chicago for its 
milk supply instead of taking the much closer Indianapolis milk, where 
no federal standards are enforced. 
The fact that Indianapolis milk is not produced under Government 
regulation might lead to great differences in the quality of milk put out 
by various companies. With this thought in mind, the following experi­
ment was undertaken to compare milk from ten of the Indianapolis 
companies as it reached the consumer, the work being carried on in the 
Botany Departmeut laboratories of Butler University. 
METHODS 
Both the agar plate and direct microscopic metbods were used. In 
the latter, the object was to examine samples for morphological types 
of bacteria as well as numbers. 
One quart bottle of milk, delivered by each of the ten companies to 
homes, was obtained and taken to the laboratory for examination. This 
was done on two different days, one in July and one in September of 
1937. The ten dairies are not listed by name in this report, but each 
'This paper is a porLion o[ a Lhesis in parlial fulfillment of the requirements [or graduation 
fnag'Ja (.1(·m lotwc in Duner University. 
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is designated by a letter of the alphabet, since the limited number of 
tests made, with obviously an incomplete record, makes this desirable. 
Both plate and direct microscopic methods were used. The agar used 
for the plate method was made according to the formula recommended 
in Standard Methods (2). Sterile plates, pipettes, water blanks, and 
agar were used. Dilutions of 1: 100, 1: 1000, and 1: 10,000 were plated 
and incubated at 37° C. for 48 hours. 
For the direct method, .01 cc of whole milk was taken in a calibrated 
pipette, deposited on a clean slide, and spread over an area of one 
square centimeter with a sterile needle. The preparation was dried, 
placed in xylol for five minutes to remove the fat, dried again and dipped 
in 95 percent alcohol for five minutes to fix the material to the slide. After 
drying again, the slide was dipped in a saturated aqueous solution of 
methylene blue for 2-5 seconds. Where necessary, it was destained in 
95 percent alcohol (3). 
A binocular microscope with 6X oculars and 1.8 immersion oil objec­
tive was used for counting the bacteria. This gave a field of 1/3000 
square centimeters with a diameter of 205 microns, making it possible 
to examine l/300,OOO of a cubic centimeter of milk in each field. Thirty 
fields of each sample were observed for number of body cells, total 
number of bacteria, number of clumps of bacteria, types of bacteria 
(whether staphylococcus, streptococcus, diplococcus, or rod forms), and 
fungi. All chains of streptococci consisting of eight cells or over were 
considered long-chain forms, while those under eight cells were recorded 
as short streptococci. 
RESULTS 
Readings for the plate count were made from the 1/1000 dilutions, 
since colonies on the other dilutions were too few or too many to be 
very accurate. These counts ranged from 4000 to 120,000 in the July 
count and from 1000 to 198,000 in the September count. Company J 
was high both times, with companies Band F lowest on the first count 
and company A lowest in September. 
Results of the plate count and total microscopic count for July and 
September are shown in table 1. It will be seen that companies Hand J 
keep about the same position in respect to the other companies in all 
four counts, H having a low count, while J had the highest in all cases. 
In the plate count, six of the companies showed an increase in number 
of bacteria in September over that found in July, while four showed a 
86 
COMPANY 
A 1 
~ ::::::::::::::::::::::::'j 
D .. 1E 
F . 
G ' 
H . 
K .. 
J , 
decrease. Fo~ 
eral a high co ' 
In examini~ 
dropped in Sel' 
and microscop 
ing high plat 
exception of E' 
when compar 
In examinin; 
had a larger 111 
short streptoc 
mold myceliu 
over 3,000,00 
A, C, and 
both samples, 
cocci. Staph)' 
September J, 
largest group. 
other types e 
Table II so, 
The direct 
teurized milk~ 
number of 
is desirable. 
be agar used 
_ommended 
blanks, and 
were plated 
a calibrated 
rea of one 
was dried, 
and dipped 
slide. Af ter 
solution of 
estained in 
lPn oil objec­
t! of 1/3000 
it possible 
etd. Thirty 
cells, to tal 
of bacteria 
forms), and 
r over were 
re recorded 
o dilu tions, 
many to be 
in the July 
Company J 
e first coun t 
or July and 
ies Hand J 
- anies in all 
in all cases. 
in number 
Ur showed a 
TABLE I
 
TOTAL BACTERIAL COUNTS
 
COMPANY DIRECT COUNT PLATE COUNT 
July September July September 
A . LO,360,o00 2,840,000t 41,000 1,000t 
B . 11,270,000 4,170,000 4,000t 15,000 
C . 17,410,000 10,380,000 14,000 54,000 
D . 8,100,000t 6,120,000 16,000 2,000 
E . 17,010,000 11,250,000 17,000 190,000 
F . 12,450,000 6,100;000 4,000t 5,000 
G . 15,950,000 6,390,000 5,000 74,000. 
H . 9,800,000 4,080,000 5,000 2,000 
K . 10,550,000 7,800,000 42,000 5,000 
J . 31,010,000* 20,030,000* 120,000* 108,000* 
*Highest Couut. tLowcst Count.. 
decrease. Four of those companies showing an increase showed in gen­
eral a high count, while the other two are medium. 
In examining the milk microscopically, it was found that all counts 
dropped in September. In ranking the companies according to plate 
and microscopic count, only slight differences were found. Those show­
ing high plate counts also showed high microscopic counts with the 
exception of F, which showed a low plate and high microscopic count 
when compared with the other companies. 
rn examining for the various types of bacteria, it was found that J 
had a larger number of all forms in all cases except the July count of 
short streptococci. E, K, and J all showed a considerable amount of 
mold mycelium in both July and September counts. C and J showed 
over 3,000,000 body cells each for July, J showing over 6,000,000. 
A, C, and J showed more of the staphylococci than other forms in 
both samples, and the July sample of A was also high in long strepto­
cocci. Staphylococci were also found to form the largest group in 
September J and July D. In all other cases, diplococci formed the 
largest group. Streptococci were not numerous in comparison to the 
other types except in J, both samples, and in E and H for July. 
Table II shows the numhers of each kind of bacteria per company. 
DISCUSSION 
The direct microscopic method is rarely used by dairymen On pas­
teurized milk, but in many cases forms part of the test of raw milk 
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TABLE II 
BACTERIA COUNT ACCORDING TO TYPE-SUM OF 30 FIELDS 
Staphylococci Diplococci LongSlrep. ShortStrep. Body Cells Fungus 
COMPANY July SepL. July Sept. July Sept. July Sept. July Sept. July Sept. 
A ...... _... 504 152 406 112.1 16 .....1 105 12t 202 US .....t ......t 
B _ 456 141t 564 240 lOt 8 65 25 170 152 2 6 
C 1009 588 550 290 111 42 60 Il6 339 166 2 1 
D _ _.. 400 208 338 332 32 J6 34 43 187 176* I 3 
E.... 638 374 848 616 42 32 165" 69 247 156 IS* 16 
F.... S81 396 302t 184 lOt 8 401 17 254 154 ..... t 4 
G 596 199 822 486 64 8 92 27 173 134 2 5 
H 1681151 306 174 200 32 232 46 258 89t ....- t ......t 
K .. 379 336 498 330 82 12 76 97 126t 100 7 15 
] 1510* 998* 1125· 624* 420" 277* 124 192* 654* 176" 9 24* 
tLowest CounL. *Highest Count. 
These number;; can be multiplied by 10,000 lo give the number per cco 
as it enters the dairy. Although the quality of milk at the time it 
reaches the dairy is of great importance, the quality of milk when it 
is delivered to the consumer is more important to the latter. A direct 
microscopic count made oi the milk as it is delivered can give a fairly 
accurate history of the milk from the time it was drawn until it is de­
livered. This history is provided by the bacleria themselves, since each 
type of organism is an indicator of conditions surrounding the milk 
production and distribution. 
The diplococci are paired, spherical bacteria, and are the normal 
flora of milk, being known as the lactic acid bacteria. Under proper 
conditions for growth, these are the forms which cause milk to sour. 
This growth is accelerated by slow cooling. The streptococcic form 
occurring in milk as double pairs or chains of spherical bacteria are 
also indicators of slow cooling. They do not regularly form long chains. 
Long chains of spherical streptococci associated with an excessive num­
ber of body cells, i. e., over 3,000,000 per cc, indicates mastitis. This 
is an abnormal condition of the udder, due to infection through the 
teat canal of individual quarters of the udder. 
Staphylococci are indicators of unclean utensils. They originate with 
the producer in improperly cleaned milking machines and in crevices 
and open seams of cans. They may also come from the dairy through 
improperly cleaned pipes and pipe connections as well as unclean bottles. 
The common milk mold is Oospora lactis. It is seldom observed in 
fresh milk (4). This mold is one commonly found around farms, and 
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in milk which has come into contact with some surface containing a 
scum of sour milk solids. It is found associated with lactic-acid bac­
teria in filthy cans, milking machine tubes, and connections. Oilier 
types of mold mycelium gain entrance from feed in cases where the 
cows are fed while being milked (4) . 
Interpreting the results of this experiment in the light of what has 
been said above brings out certain interesting points. The staphylo­
coccic and diplococcic forms are most numerous in all cases except the 
July count for H, in which case the diplococci form the greatest group 
and staphylococci the smallest. Normally the diplococci should form 
the largest group, but A, C, and F had staphylococci predominating in 
both counts. This was also true of the July count of D and September 
count of J, indicating utensil contamination. In all other cases, diplo­
cocci formed the largest group. 
Company H had a consistently low count in diplococci and staphy­
lococci, but a higher count in streptococci than some other companies, 
indicating poor cooling, which may take place either at the time the 
milk is drawn or after pasteurization. Poor cooling was apparently a 
great factor in all cases, since the number of diplococci and streptococci 
ran high in all samples. It was to be expected that the September 
count would be lower than July, due to cooler weather. This was found 
true .in all cases, but the September count of diplococci was higher in 
some cases than that of July for other companies. This also indicates 
lack of care on the part of the former producers in cooling. 
The fungus count was negligible for all companies except E, K, and J. 
Producers here either fed their animals during milking or were not 
careful in guarding the supply from other external contamination. 
Mastitis was indicated by only one sample. This was in J for July. 
Milk from C had a large number of body cells in July, but not an un­
usually large amount of streptococci. It is not probable that a composite 
sample from many cows would show much mastitis, therefore this condi­
tion must have been present in almost all of the herd in order to 
show here. 
Company A showed no fungi, few streptococci, and more staphylococci 
than diplococci. The total count was rather low. This indicates care 
in cooling, but that more care should be taken in keeping utensils clean. 
E showed large numbers of staphylococci and diplococci, with some 
fungi. Care should probably be taken here in feeding during milking, 
quicker cooling, and keeping utensils clean. C showed large numbers 
of staphylococci and diplococci as well as streptococci. This indicates 
89 
slow cooling and dirty utensils. Large numbers of staphylococci and 
diplococci were shown in D, indicating unclean utensils and poor cool­
ing. E showed many more diplococci than staphylococci, and several 
pieces of fungi, indicating slow cooling and lack of care in cleaning 
utensils or feeding during milking. F showed its total number of bac­
teria composed mostly of staphylococci, iudicating unclean utensils. 
G showed large numbers of both staphylococci and diplococci, indicat­
ing slow cooling and unclean equipment. H showed low counts gener­
ally and, in comparison with the others, showed up best, but improve­
ment could be made, apparently, in cooling and cleaning utensils. This 
is true also of K, which showed a fairly low count. J sbowed the highest 
count, and all things which have been mentioned as going together to 
make up milk production could evidently be much improved here, as 
bacteria per cc (pIa 
crease the count. Ci 
able to endure the 
are also many steps 
milk, the pipes and 
Improvements are 
way toward solving 
i\VERAGE OF JUL 
Milk [)j 
Rating Company C 
the condition generally seemed very poor. Be~l. H 
Fair AThe plate and direct microscopic counts both give only estimates of 
D 
F
the total number of bacteria present, but the latter is much more ac­
curate, as was shown by the consistency in the two direct counts and Mediocre 
lack of consistency in the plate counts. This is true because tbe plate 
B
K 
method counts only colonies, each one of which may have started from Poor G 
Cany number of individual cells. Tbe microscopic method is also easy 
Eand quick. Only a few minutes are required in the latter method to 
Worst J 1determine with what sort of milk one is dealing. If the sample is not 
of a high quality, the cause can be quickly determined and remedied. 
In order to learn anything from a plate count, two days must elapse 
for incubation, and by that time any undesirable milk which might be 
discovered will have been distributed to the consumer. 
Good quality milk should be clean and not cleaned. The microscopic 
count shows particles of dirt which are not removed in filtering, and 
which would not be noticeable by any other method. One difficulty 
with tbe microscopic test is that it shows organisms whicb are dead 
after pasteurization as well as those wbich are living. According to 
Lazarus (4), the dead can be distinguished by the fact that they take 
a much lighter stain than the living; however, no such distinction was 
made in this paper. 
The number of bacteria in milk is no index as to its safeness, but it 
does give an idea of what its keeping qualities are, and in what sort 
of surroundings it was produced. Surroundings giving rise to large 
numbers of bacteria would probably be the place in which contami­
nation of a more serious nature would arise. 
Pasteurization has been known to cut the count from 10,000 to 500 
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bacteria per cc (plate count), but it is possible for the proce5S to in­
crease the count. Certain forms of bacteria, mostly spore-formers, are 
able to endure the heat, and even to multiply in its presence. There 
are also many steps in the process where bacteria can be added to the 
milk, the pipes and connections being very important in this respect. 
Improvements are being constantly made, however, which go a long 
way toward solving the problem. 
TABLE III-SUMMARY 
AVERAGE OF JULY AND SEPTEMBER FIGURES (IN 1O,000's PER CC) 
Milk Direct Plate DipJo- Short Long Body Staphyl-
Rating Company Count Count cocci Slreps Streps Cells ococcus Mold 
Best H 694 .4 240 139 116 174 160 
Fair A 660 2.1 259 59 8 170 328 
D 711 .9 335 39 24 182 304 2 
F 928 .5 243 29 9 204 639 2 
Mediocre B 772 1.0 402 45 9 161 299 4 
K 918 2.4 414 87 47 113 358 11 
Poor G 1117 4.0 654 60 36 154 398 4 
C 1390 3.4 420 85 77 253 799 2 
E 1413 10.4 732 117 37 202 506 17 
Worst J 2642 15.9 875 158 349 415 1254 17 
SUMMARY 
In comparing the companies, H appeared to deserve first ranking 
because of its consistently good quality. Although other companies 
surpassed it in some features, they fell so low in others that they could 
not be given a first-place rating. 
There was no doubt as to which ranked lowest, since J kept that 
position consistently. This milk evidently came from a dairy which 
was neglectful and unsanitary in several respects. 
Taking the total counts of the other companies for both plate and 
microscopic examinations for July and September, the other companies 
could be ranked as follows: In the second class were placed three 
companies, A, D, and F. These all showed a fairly high quality milk 
in comparison to the others. In the mediocre group were placed Band 
K, while in the poor group were placed G, C, and E. G had the lowest 
count and E the highest of that group. 
In general, all companies could lower their count considerably by 
91 
quicker and better cooling methods, and by taking greater care in 
cleaning all apparatus, including that used before the milk reaches 
the dairy. 
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